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ABSITRACT. Ground observations and measurements made over the past five
,ecre have indicated an increasing concentration of #u=ll particulates
tn the general atmosphere throughout the Tjnited Stat:.! Many of these
rjinute particles act as condensation and frwezing nuc"ei in cloud
dew.Wlopment and subsequent precipitation mechanism; otherp 're irritat-
lng to the eyes, nose and throat. These observations ;-Ave been
nirengthened by serial measurements of particulates over, and adjacent
to, many of our metropolitan areas. The most pronounced changes in
background nuclei and other particulate matter have been noted in the
;,•uthern half of California. These studies suggest the possibility of
major changes in natural precipitation amounts and ivcreases in the
.-tahility of ground fog over large srean of California.
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THE DISTRIBUTION OF SMALL PARTICULATES
WHICH ACT AS CONDENSATION AND FREEZING NUCLEI

/

I INTRODUCTION AND BACKGROUND

The once clean air over the State of California is

rapidly being converted to an atmospheric cesspool! The

process can be reversible but meaningful measurements and

stringent counter-measures must be accomplished at once.

For the past five years aerial and -'ound observations

and measurements made by Atmospherics Incorporated (AI) have

indikated an increasing concentration of small particulates

in the general aerosol throughout the United States. Many

of these particulates act as condensatio.i and freezing

nuclei in cloud development and subsequent precipitation

mechanisms. Others are simply irritating to the eyes, nose

and throat. In significant concentrations, some can be

lethal!

These initial observations have been strengthened by

aerial measurements of particulaton over, and adjacent to,

many of our metropolitan areas. The specific nature of

these pollutan;s in the atmosphere, and the three dimensional
distribution downwind from known sources, has not been ade-

quately described. However, one point ii abundantly clear.

The concentrations are increasing at an alarming rate. In

some areas the average concentratlo.. has increased by two

orders of magnitude in the past three years!

From the viewpoint of cloud and fog modification in the

Western United States# the most pronounced changes in back-

ground nuclei and other particulate matter hPve been noted

in the southern half of California from San Francisco down

through the great Central Valley and over the Los Angeles

Basin. These observations of changes in nuclei population

suggest the possibility of major changes in natural precipi-

tation amounts and increases in the stability of grourd fog

__ __ __ __4
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over. large areas of' California. For example, background

freezing nuclei effective at -10C. are now evident where

supercooled cloud droplets at -25C. were once the rule.j In areas closer to the ground there is evidence that the

mean diameter of fog droplets has been reduced from the

10-51 uicron range to a stable 5-10 microns. If the back-

ground nuclei population is significantly increased either

by natural processes or by unidentified man-made sources,

the effects on environmental processes can be enormous.

Under Contract N60530-69-C-0468 dated 6 November 1968,

Atmospherics Incorporated of Fresno, California initiated
a nuclei measurement mission to determine the distribution

of small particulates in the central and southern Californi.a

areas. The total measurement effort included the determina-

tion of Aitken nuclei with an estimate of those acting as

cloud condensation nt :lei, a count of background freezing

nuclei active at -26t., an approximation of lead particles

in the general aerosol as a function of lead iodide active

at -20C., and a setri's of still photographs and 16m-. color

footage showing a portion of the general pollution through-

out the areas of interest.

I

I4



rw; VL I 41fl5

II STATEMENT OF TASKS

The objectives within the framework of this mission

were accomplished during the period 1 Decmeber 1968 and

30 April 1969. The 6pecific goals set forth under the

contract can be stated in simplest a-•; .s foollowe:

1. Measurements:

UtiLize the Atmospherics Incorporated turbo-

charged Aztec "C" aircraft, equipped with approp-

riate measuring systems, to proli'le condensation

and freezing nuclei in the area over the southern

half of California. Include in these measurements,

insofar as possible, the major sources of particu-

late matter, the vertical and horizontal diffusion

patterns of the nuclei, and provide an estimate

of their role in the inadvertent modification of

clouds, ground fog, and precipitation mechanisms.

2. Data Acquisation and Reduction:

Data acquisition and preliminary reduction to be

accomplished by Atmospherics Incorporated. Utilize

this information to plot the diffusion patterns

of the nuclei and establish the role of these

particulates in the inadvertent modification of

clouds, ground fog and precipitation mechanisms.

3. PhotoaraRPh:

The mission shall include photographic coverage

of the study area and include particular emphasis

"of visible pollution where measurements are accom-

plished. Aerial photographs includinG color trano-

parencies and 16mm color cine footage shall bo a

part of the basic data acquisition. Organize mid

index the total photographic effort for submislron I
as a supplement to the final report.

[t
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4. Reports:

Provide a progress report to the Naval Weapons

Center by 1 February 1969 and a final report not

later than 1 May 1969. The final report is to

include a summary of effort, test results and

data forms, accomplishments and recommendati-ons.

A
I7
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III EQUIPMENT AND USE

The following equipment was utflized in the accomplish-

ment of project goals throughout the total mission.

1. Turbocharged Aztec "C"

""1hie light twin aircraft has an altitude

capability of more than 30,000 feet msl and is

equipped with complete deicing systems on wings,

tail surfaces and propellers. Navigational aids'

include dual-omni, ADF, dual 360 channel Mark 1?

...... ... t. ...... , D •..tAce Measuring Equipment

(DME) and FAA transponder. Six separate air

intake tubes are mriited on the nose 3fld upper

cabin section for provision of air samples to

the interior mounted measuring instruments.

Three exhaust tubes are also available inside

the cabin and provide a flushing capability for

the nuclei counters and interior contamination

from engLae exhaust particles.

2. Portable FreeziAug Nuclei Detectors:

The modified portable cold boxes were used to

identify freezing nuclei cone entrationu in the

rangge trom about one per liter up to approxi-

mately 10' per liter, The tuiitb contain an iso-

thermal chamber within which an air samite may

be viewed and reoult.unt icet cry'*al6 vI-Sually

counted. The ent*xtiv-ity r..nge of each unit. iis

suitable for milsion.e of this type beca:ue it.

includvp beth the nortnal 1Pvy. of natural back-

r,'ound "reezt4.u nuclei effective at about -26C and

.h% upp.e.-r limit one experi-inces i£ extremely high

conc.entration areas. oiontrolot for varyi ng the e

temperature toetween OC and -45C provide additlonal

capabillty of detformin.,We *he toperot~tte dependence

_ _ _ _ _ _ _ _ _ 1
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of f.eezing nuclei enoountered in flight.

A collimated light source and grid system 2.n

the optics allows a direct reading in numbers

of nuclei per cubic centimeter. Iodine vapor

may be introduced into one of the instruments for

detection of lead or other substances which may

combine .,ith iodine to form freezing nuclei at

any given temperature. Sil•s r vapor may be intro-

duced into the other instrument for detection of

possible free iodine.

3. Gardner Small Particle Detector:

The stdndard Gardner Small Particle Detector

(Rich Counter) was used to measure condensation

nuclei. This ius xk'twet haS a range for particu-

late concentrations of a few per cubic centimeter

to more than 107 per Lubic centimeter. During

operation an outside air sample is iatroducedI
into the instrument, a vacuum applied., the air

sample expanded in a parallel chamber, and the

resultant cloud density detected by the yhoto tube

circui#'ry. Readout is in partP P-b per cubic

centimeter and i" a function of the number of

cloud droplets formed in the expansion chamber*

The dwgre. of expansinn may be altered by adjust-

inf. the v*ouiwi prior to expansion irom zero

through about 21 inches of mercury. Readings

which rzeeul from 41 variety of Vacuu oettings

giave a MOaau*re of cloud -ondenstiov nucl-ei number*

wi-t0in the gVos8 Aitkeo count.

. Gener Continous Condengatloia

!Luclei 'ýout~er =

Diri• k a portion of the total utisa!on, a

General Electric Continuouz Condonsation Nuclei

Crnunter was used in the aircraft as a backtlup

*ystem to the normal Gardner Counter. The

theory of operation of the GE counter iss simillr

-- 6- !
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to the Gardner unit whereby an air sample is

taken into the instrument, expanded and the

rosultant cloud density detected by a photo

tube electronic ciriuit. It is not currently

known which instrumeikt pives the mnst acc•u•rate

and exact meiasurewent of particulate matter

concentrations, but the GE inst-ument with its

continuous recorder is better able to describe

the overall distribution of pollutants thrr'gh-

out the total aircraft flight path.

50, Photographic Equipment:

Cameras used dturing this pruject were the

2fx2' Holleiflex unit, and the 16mm Kodak K-1O0

system. Both black and white stills and color

transparencies wore provided in the 24x2- for-

mat. The 16mm coverage was provided on standard

Ektachrome Commercial film. Still photogrr.ph6

and 16mm footage were obtained at locations

thought to provide visual evilence of the normal

particulate metter concentrations throughout

the total operational area.

6. M1i A:ore Filter Systems:

A standard A.n-Jiroe Millipore. Filter olloc.,r

was installod in oil of tthe air intake tubeo

dOLrint four of' the measurement. flht. Theav

f+itera have been submitted t6 the Naval weapons

C",nvex1 for analysis ae• one of" the ouppleg~ents to

the final roport.

a,

-7-i



NWC TP 4781

IV QUJMMARY OF WORK PERFORMED

The primary objective of this liuclei measurement

mission was to determine the gross distribution of par-

ticulatq matter over that portion of California between

San Fpancisco and the Los Angeles Basin,. Toward this end,

a total of 13 flights wer• logged and meas:-rements were

conducted at 140 sample points. The flight information

and gereral data forms have been submitted to the Naval

Weapons Center as Supplements A. and B to this report.

At each of the 14o sample points several air samples

were introduced into the various instruments. Subsequent

measurements included a background count of freezing nuclei

(Cold Box #1 -26C.) and the freezing nuclei concentratisn

with iodine contamination in the air sample (Cold Box #2

-20C.). On one occasion silver vapor was introduced into

Cold Box #1 and a cherk was made for presence of free iodine.

While it is felt there is little or no free iodine in the

atmosphere except for short distances downwind from initial

sources, such as the sea surface or sone unique industrial

plant, there seems to be reasonable evidence that a small

portio,. of the iodine attached to some other element or

compound can recombine with silver or lea-' vapor to form

effective freezing nuclei at apecific temperature thresh-

olds.

In adlition to the freezing nuclei determinations, six

condensation nuclei measurements were made with the Gardner

Small Particle Detector at each of the 140 sample points.

This set of CN measurements at each samplE. point included

a series of -acuum settings beginning at about two inches

of mercury and ending with the highest vacuum possible at

the particular flight level associated with each location.

The vaxious vacuum settings and iclated CN counts at each

sample point are shown on tue operationa± data forms.

In responst to a desire for information specifically

-e
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related to the phyaical. characteriqt',cs of ground fog, two

of the measurepieiit Alights focused particular attention on

the area around the Naval AJ:- Station at Lemoore. These were

conducted on 27 December 1968 and 15 January 1969. Ten sam-

ple points cirele the station and a number of other measure-

ment points were logged cvsr adjacent areas. A map showing

the locations o.'ý 9Rmple p-tnts logged on tha two days

mentir'id above are shown in Figure 1I

-Mr. Donald Duckering, pilot-meteorologist, was in charge

of' all aircraft operations including navigation, flight data

acquisition, and temperature measurements. Mr. Thomas J. I
Henderson, meteorologist, obtained measurements from all

nuclei devices, operated the photographic equipment, fed

supplemental data to the IBM dictating machine and logged

specific data from each sample point. This trained crew can

now routinely obtain air samples, operate Instruments and

log reliable data in a time period of about three minutes

at each sample point.

During this mission a total of 840 condeiisation nuclei

measurements were logged, 282 freezing nuclei counts were

obtained and 127 photographs havc been filed. A map show-

ing the locations of all sample points is given in Figure 2.

Results obtained and conclusionb 7eached following the data

reduction phase of this mission are summarized in the follow-

ing Section V.

9-
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V RESULTS AND CONCLUSIONS: "1

The nuclei measurements obtained during this mission

can be divided into two discrete categories -- condensation

and freezing. The term "condensation nuclei" has led a

number of persois to considerable confusion but, in general,

the term applies to all solid and liquid particleo contained

in the atmospheric aerosol. This is essentially correct

since all particles can act as condensation nuclei if the

air is sufficiently supersaturated with water vapor.

However, it should be noted that in nature the relative

humidity rarely exceeds 101% so only a part of the total
particulates are actually cloud condensation nuclei.

The particles can be further size categorized in

terms of Aitken, large and giant nuclei. Inasmuch as this

mission was not designed to identify the nuclei in great

detail, the report will not provide an in-depth treatment

of the physical characteristics of nuclei types and their

roles in natural phenomena. It is sufficient to state

that in this project the condensation nuclei measurements

included the total Aitken size range which are those nuclei

having radii greater than about 2.5x10-5 ticrons but less

than 0.1 microns. This gives a more realistic indication

of the total particulate concentrations throughout the

operational area, although it does not include the small

ions. More importantly, and quite beyond the role of

particulates in cloud mechanisms, this measurement provides

an excellent index of air pollution. Particles having radii

in the range of 0.1 to 1.0 microns fall in the large nuclei

category and those with radii greater than 1.0 microns

are classified as giant nuclei.

For purposes of this report, freezing nuclei can be

defined an those particulates which induce droplet frees-

ing in a supercooled environment regardless of whether

the process is contact nucleation, sublimation or conden-

sation followed by freezing. Inasmuch as the air samples

12 ________
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are first introduced into the cold chambers, cooled to

-20C and -26C, and the moisture subsequently nebulized

into this cold environment, most of the ice cryetals which

will ever form do so in about two minutes and reasonably

represent the total freezing nuclei concentrations. The

processes by which freezing occurs will not be described

in this report.

The flight cf 27 December 1968 near Lemoore NAS

(Sample Points 1-12), shows the Aitken nuclei running
-1

between 11O0 and 4000 cc- at altitudes between 400 and

900 feet msl. Within this total Aitken regime the cloud

condensation nuclei (CCN) appear to be in concentrations

of 400 to 1000 cc- 1 These numbers are compatible with

other areas of the United States where the general terrain

is flat and removed some distance from major industrial

sources. However, the numbsrs are high for areas considercd

reasonably clean.

On the flight of 15 January 1969, again near Lemoore

NAS, (Sample Points 13-30), the gross Aitken count was
.1

considerably higher, ranging between 1400 and 10,000 cc

at altitudes to 4000 feet msl. Of particular interest

is the apparent banded structure of particulates above

the land surface. Note Sample Points 21-23 where the

Aitken count is higher at 3000 feet mal than at either
2000 or 4000 feet mal.

Background freezing nuclei effective at -26C and

freezing nuclei with iodine contamination effective at

-20C were measured on both the December and January

flights. In general, all freezing nuclei counts were such

higher during the 15 Janmary flight than on 27 December.

The FN concentrations were near 100 cc (-26C) and 500

cc 1 (-20C iodine) during the December flight as compared

with 5000 cc (-.26C) and 7000 cc (-20C iodine) during

the January flight, This is consistent with the increased

level of condensation nuclei measured at the same times.

13- 13- I
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However, this does not imply the freezing and condensation

nuclei concentrations are always in a linear relationship,

Data taken at other times and in other areas indicate a

significant departure from &ny positive relationship.

There seems to be reasonable evidence that the high

covcentration of particulates in the area of Lemoore NAS

originate in some location removed from the immediate

are&. With moderate southerly surface winds, the particu-

lates may be measured and observed moving northward from

the Los Angeles Basin and general. area throughout southern

Caliiornia. •n case of air flow from the north, the par-

ticulates are observed heavily concentrated along the

western side of the San Joaquin Valley and originating

roia smetropoiitan areas to the north. From industry,

automobiles and smaller metropolitan areas all along the

way south from the Sacramento-San Francisco azea there

are significant additions to this general particulate con-

centration. Of particular importance is the effluent from

individual industrial sources such as chemical plants,

refineries and manufacturing firms.

Another measurement flight was made on 3 March 1969

and air samples were analyzed along the path Fresno-Oakdale-

Stockton-L"vermore-Oakland-Patterson-Los Banos-Fresno

(Saaple Point- 31-56). This flight was programed to

remain near the altittde of 2000-2500 feet .sl. Only

along the foothille north of Fresno on the east side of

the Valley did the Aitken count fall below 10 cc and.1

e..inin this region 6500 cc were noted. (Sample Point

2).. Some of the sample points along this flight path

showAunleti coubts conslst4ei". .Ihb some of the most highly

pollut0t areas i n tbe United States. In a portion of the

area s o oeaet of Oakland even the CCN were consistently

above $000 cc¢. 4(So1- Points 43-48).

A following, I•rght on 4 March 1969 included the rout*

FresnoKawvesh River-Tudo River-Bakersfoield-Sata Barbara-

- ii.-
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Oxnard-Van Nuys-Los Angeloes-FuIl lrton-Caj an Pass-Izayokerr-

Mt. Whitney-Freano (Sample Points 57-94). Agair we finI

high Aitken counts at all altitudes below 2500 f..t usi

and correspondingly high CCN measurements at these same

elevation*. Sicnificant froezInag nuclei at these same

sample points wore found in concentrations from 1000 to

50-00 gper liter at -26C.

On 5 March 1969, a second flight woo made to the north

of Fresno along the route Fresno-Merced-Turlock-Modesto-

Stockton-Sacramento-Azatiocb-Tracy-Patterson-Dos Palos-

Fresno (Semple Points 95-120). During this flight the

heavy concentration of nuclei was particularly evident in

the mreav &zound S3tockton, Sacramento, Antioch and Travis

AFB. Note sample points 10*4 and 110-117 where the Aizken

coumte~are all above 10 cc and tbe CCN wrC in the t-&~
from 1500 to 7M0 cc -1 In this same area the f reezin.g

nuclei effective at -26C are also higher than on previous

flights. Some are noted to be 15,000,per liter-in the

ares of Amtiochl!

The final measurement f light-of this mission was

logged an 14 March 1969 and included the or"a from Fresno

south to the Tulare Lake Basin with additional swasu.tzments

near Lemoore WAS. (Sample Points 121-140) A vertical

profile was made to identify any possible banded structure
in the aerosol. One signific~ant layer was noted near .9000

feet *eI. Note sample points 123-1.26 where the particulate

concontration begins. to isicEloe abova 6000 feet Sol. The

number* associated with this particuLar segmnot of the

imoosuiemeflt flight or* graphically illustrated in Figuare 3.

The date froem all measurements bave boom anstysed qnd
a numer of eoncluaeions arw apparent.

*fther is an alarming increase in Particualates,
throughout. the atmosphere frocm Crouami level
to. 141,000 foot not over thme southern half or

-16-
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SThe increase in particulate concentration is
serious, not only from the viewpoint of atmos-
pheric phyeics, but just as importantly from I
the viewpoints of public health, agricultural
modifications, and human behavior.

Since 1966, the concentration of Aitken nuclei
over the southern portion of California has
increased by more than an order of magnitude.

* This increase in particulate matter concentra-
tion may be responsible for the apparent decrease
in mean droplet diameter of fog droplets in many
areas of the San Joaquin Valley. Measurements
made in 1965 indicated a mean diameter of 10-1,5
microns and this has decreased to the 5-10 micro"• ~ranige in 1969.

Ii *Except during the first two flights near Fresno,

California, and at those locations where auto-
mobile exhaust particulates wer- significant,
the concentration o6' background freezing nuclei
effective at -26C was consistently higher tLan
freezing nuclei with iodine contamination effec- I

S~tive at -20C.

SWhile the cold chamber reserved for background
freezing nuclei measurements was mainly operated
at -26C, there were a few occasions where the
temperature was adjusted upward to -2OC. In
most cases the FN count was then found to be

-I less than 10 per liter which was below the con-
centrations found with iodine contamination made
at the same location and at the same temperature.

k ut1.e tbe mission was originally intended primarily
as a nu;clei measurement program designed to show
the posalblo effects from particulate matter on
precipitation secbanlsms, the data are additionally
useful as a pollution index throughout th. total
operational area.

* Calculations can be made whish indicate the weight
-.f solid material in the atmosphere th.oubgout the
areas -where measurements iere obtaied.

Diffusion patterns downwind from single or
multiple sources do not follow the usual "tezt
book' type pluses illustrated in ref*erence volumoe.

• Certain areas which aox. sufforeng high 4oncentra-

tions of particulate matter In tbe lower levels
of the atmosphere say find the -uurce of their
difficulty far upwind froms the 1o0a area"

-. 7 -
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* It is quite likely that an examination of

pollutant material from an individual source
may *how 3 reasonably "clean" effluent but
when this effluent combines, either chemically
or photolytically with another nearby "clean"
effluent the resultant tbird party may exhibit
extremely detrimental characteristics.

* Most air pollution control agencies think in
terms of one or two dimensions when measuring
and describing particulate or gasevus material
in their immediate environment. The problem
cannot be adequately described in this manner.
One must go to three dimensions and include a
time factor before definition is significant.

All condensation and freezing nuclei memasuzements

have been reduced and appear a.s a summary in the follow-

ing Table 1.

Ii
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Table 1.

NUljLEI MEASUREMENT SUMMARY

FN FNHeilght Height P 'Height oHeight ackground iodine
Above Above CN CCN -26C. -20C.

Sample Sea Level Surface
Point (ft.) - L..L (cc (cc ." Rarks

1 400 100 2xz10 4500 5000 50000 Fresno
2 900 600 1o00 300 100 500 Sit Freano
3 600 4oo 3100 500 100 1000 Lemoore area
4 Boo 600 2600 500 00 500 Lemoore area
5 900 900 1500 200 200 500 Lemoure area

6 800 600 2200 4O0 100 500 Lemoore area
7 800 600 5300 700 100 500 Leuoore area
8 800 600 1100 300 10 200 Leuocre area
9 500 300 4o0o 600 100 1000 NNE Lemoore

10 600 300 3200 500 100 1000 SW Fresno

11 g00 600 •000 5 4004 100 5000 Near Fresno
12 300 afc. 7110• 5 xO 2000 50000 Fresno runway
13 300 arc. 2XIO05 70004 10000 50000 Freano ramp
14t 300 arc. 5X104 10- 15000 5001,'O Fresno ramp

15 1300 60 8000 1400 2000 10000 Beyond reu Ay

16 2000 100 1200 7 200 15000 8000 VNlley Nietroge
17 00 2800 3710 900 5000 1000 Uwind V. Nitroger
8 000 o 600 7700 1200 2000 10000 Valley Nitrogen

19 o00 600 8100 1600 2000 7000 Near L oresno
20 6000 500 8000 0 50 1000 10000 SE Nemoore r AS

21 2000 1800 1200 200 1000 2000 ME Letoore
27 3000 2800 3400 700 2000 2000 N0 V. Nitrotiel23 4o00 3}800 t•O0 4O0 2000 3000 OW• Fx edmo
24• 5o00 S00 1000 low to 2000, 4.00 KV Fr.e-sno
25 6000 5800 600 50 1000 0 XV Madars

26 6000 5400 400 5o I000 0 Top of sttatus
27 71100 1000 400 .50 1000 0 Over foothit-t, 8

28 9500 600 150 0 1000 0" hear Mamoth Kt.
29 6100 500 3100 700 2000 500 10 N. Bisbop
30 4)00 .fc. 7500 1100 2O00 50 On funal -hishop

11 300 arc. 15x05 5CGO 1000 20000 Fresnu rmp
32 1700 I4, 65005 900 100 500 . of Fresno
33 400 too 6 X10 6  9000 1000 15000 On final--Fra=no
34 50" 200 4 x0- 4200 100 1000 After takeoff
35 2000 -b00 3300 700 100 20 Fresno ,• .ver

36 3000 1b00 3100 500 2000 100 Along rfotbill1
37 2000 1700 420o 900 2000 50 Over. Wroed i..
38 2000 1800 7600 1 100 5000 00 5 S. Oakdole
39 2000 1600 9600 1200 3000 W00 3 N. Oakda
4o. 2500 2400 QWO 1200 2000 200 5 SY stockta.

- 1'9 _
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Table 1. Coni t.

NUCLEI MEASUREMENT SUMMAPY

FN FN
Height Heiht background iodine
ALove #boe (N CCN -26C. -26C.

Sample Sea Level Surface 1 1 -1

Point (-f t. iL (cc-)LCj ~ Reoerks
41 2500 2,00 3x1(V 2900 2000 1000 2 N. Tracy
42 2500 2000 104 1000 3000 1000 5 *' Livarmoore
43 2500 1800 2.51104 3000 4000 2000 Foothills-,S.Oakdale
44 2,00 7000 2.8x104 30%:) 5000 2000 Foothills-Higway
45 2500 1700 2x10 2300 3000 1000 Turning :•,-th

46 2000 1800 1.9x104 2400 2000 500 0ior canal
47 2000 18CO 1.3.104 2030 2000 500 5 SW Pattersnn
48 2000 1700 104 2000 3000 1000 Over US #5
49 2000 1 00 104 1900 2000 333 W. of Los Wtnos
50 2000 1800 1.3x;0 2200 140o0 1000 S. of Los Banos

4
51 2000 1800 1.5x'0 4  2100 2000 1000 Turning east
52 2000 1800 1.5X10 1200 4ooo 333 W. of Fresno
53 2000 I1O0 9300 500 2000 250 Approaching FAT
54 2000 1700 7800 700 2000 200 3 S. Fresno
55 500 200 4xO1 3700 4000 5000 On final--Frosno

56 300 Sfc. 10 10 5000 20000 Fresno ramp
57 300 Sfc. 7x104 5000 500C 50000 Fresno ramp
58 500 200. 5X10 2000 2000 10000 Above ri"way
59 2000 1500 46oo 700 1:10 1000 Over K.Rfoothills
60 2C00 1600 3010 500 3000 1000 Along foothills

61 2000 16oo 5600 9c0 2000 1000 Kaweab River
62 2000 1600 4200 400 1000 500 Porter'ille
63 2000 1200 650014 900 2000 1000 N. Bakersfield VOR
64 2000 1500 i. 4 xi0 2000 4000 2000 Oilwell area
65 2000 1200 9500 1.CO 2000 500 S. Bakersfield

66 4500 900 54oo 700 2000 50k. Over hIlls
67 5200 1600 5100 400 2000 500 Over hills
63 45OO 4500 52004 300 1000 500 ,vei ocean
69 1600 1600 2.510A4  2100 3000 1000 Coast S.SBA
70 2000 1900 2.1x10 3200 4000 1000 E. Oxnard

71 2600 1100 .2x104 1600 2000 1000 Van Nuys area

72 2600 2400 4 .2x10 4  1900 2000 1000 Hills N.LAX
73 2600 2400 4.2x107 7100,t 3000 2000 S.of LAX74 100 Sfc. 106 3x10 000 40000 Fullerton runway

75 100 Sfc. 10 9000 5000 20000 Fullerton ramp

76 500 400 7:10 7000 5000 200C Takeoff-Fullerton1/7 2500 1300 "Xl04 51O0 4000 2000 N. Fullerton

78 2600 1600 2.610• •4200 3000 1000 E. of Pomona
79 4600 1700 5600 1100 2000 500 Cajon Pass
80 5000 goo 4200 700 2000 500 Desert NW Cajon

-20-
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Thble 1.(Con't.)

NUCLEI MEASURZEMiNT SUMMARf

Height HeibgL FN iN

Above Above bN iodine

Sample Sea Level Sur'face C C -26C. -. 6c.

Point~ 1~ 1t, c .j ~ J J J ~ eak

81 5000 1500 5XOio 900 2000 1000 rES PalmdaU VOR
82 5000 2500 I'4 500 1000 100 Desert area83 5000 26oo 1)00• 400 100O 100 Rossec•nd Uk.

84 5000 2600 5'0ý1 300 3O0 10O Near Calif.Oity
85 5500 2300 'V0d 300 500 20 Decert area

86 5500 3000 5(O 200 500 2Q SW of Inyokern
87 8000 4100 6O. 100 4000 50 Mtn. NW Inyokern
88 12500 a.s. 3VO 100 5000 50 Monachee Meadow
89 14800 mts. 50 2000 50 W. Mt. Whitney
90 8300 Mtn. 700 100 3000 100 W. Fresno

91 3900 mts. 3100 500 3000 1000 Base of stratus
92 1500 mts. 52005 17004 2000 1000 Clovis
93 500 200 3x106 104 400c 10000 Fresno final
94 300 Efc. 4x.04 3x10 4O00 50000 Fresno ramp
95 300 ofc. 710- 6500 3000 20000 Fresno ramp

96 %Do 200 2xi04 5900 1000 10000 Abovo runway
97 2500 2200 2100 500 1000 200 Above haze layer
98 2000 1800 2000 600 2000 200 Near haze top
99 1500 1300 2100 600 1000 100 Farm areas

100 1000 900 3200 500 2000 100 NY Merced

101 2300 1900 4300 900 1000 200 Turlock
102 200C 1900 1700 500 2000 200 Modesto
103 2000 2000 17004 500 000 500 Stockton
104 2000 2000 1.7x10 2100 3000 1000 N. Stockton
105 2000 2000 1400 500 1000 100 Farm land

106 2000 2000 1200 200 1000 100 E. Sacramento
107 2000 2000 1500 300 1000 100 N. Sacramento
108 1500 1400 5000 700 3000 500 Woodland
109 1500 1500 23004 500 2000 300 Farmland
110 1500 1500 2X10 3700 3000 1000 Travis AFB
11Z 1500 1500 7x104 7500 10000 ?000 Near Aatiocb

114 1500 1500 ,x1 14 1900 15000 000 S. Antioch
113 1500 1400 1.2x104 1500 10000 4000 Tracy
114 1500 1400 2.11104 1700 8000 2000 3 E. Patterson
115 1500 1400 3.2x10- 3900 10000 3000 San Joaquiu R.

4
116 1500 140c 1.6x104 2700 7000 500 Farmland
117 1500 1400 1.210 2100 5000 200 R. Do& Palos
118 1500 1400 4900g4 900 1000 100 Farmland
119 1500 1300 106 20004 2000 200 Near Fresno
120 300 Sfc. 10 10 5000 50000 Fresno ramp
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Table 1.(Contj.)

NUCLEI MEARMNT SUMMARY

FN FN
Height Height NN
Above Above background iodineAbva Abve O CCN - 26c. - 26C.

Sample Sea Level Surface I - 2 I I
Pojnt (ft.) -(f t. (00 (cc I(.-I) LL. ) Remarks

121 300 Sfc. 4x10 5  104 2000 20000 Fresno ramp
122 500 200 7000 1100 1000 10000 Above runway
123 3300 3100 1600 300 1000 5000 Over foothills
124 9000 8600 3000 700 100 50 Over valley
125 8000 7700 2500 600 100 50 Over valley

126 7000 6700 300 50 20 20 Over valley
127 6000 5800 300 50 10 10 Over valley
128 5000 4800 400 50 10 10 Over valley
129 4000 3800 1600 4o00 100 50 Over valley
130 3000 2800 2000 500 100 65 Over valley

131 2000 1800 2000 400 100 100 Valley nr.Swarts
132 1500 1300 1900 300 100 100 Near Tulare Lk.
133 1500 1300 3100 1000 200 500 SW end of lake
134 1500 1300 1800 700 100 100 S. side of lake
133 1500 1300 1600 600 100 100 NE end of lake

136 1000 800 3900 900 200 500 Lemoore
137 800 600 24OO 500 200 500 N. of Lomoore
138 1200 900 41003 1300 200 500 Near Fresno
139 500 200 2.8x10 90004 1000 5000 Fresno final
140 300 Sfc. 10 10 3000 50000 Fresno runway

- 22 -
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VI RECOMMENDATIONS:

The results obtained from the activities under this

limited program strongly indicate the need for a mission

designed to identify the particulates and more accurately

define their distribution. To accomplish the various

aspects of such a mission, we offer the following recon-

mendations:

Begin, at once, a more concentrated and in-depth.
aerial measurement program over all of California
and areas east to the Rocky Mountains. Include
instrumentation for a more specifio identificaticn
of the particulate matter throughout the atmospheric
aerosol.

On a real time basis make the field measurement
program a fully cooperative effort with personnel
and facilities at the Naval Weapons Center, China
Lake. This will provide tentative results on a
more current basis and suggest possible changes
in the field program activities on a monthly instead
of annual or seasonal basis.

At ground level include measurements of the physical
characteristics of warm fog. These snould include
droplet concentration, size distribution, liquid
water content and electrical characteristics. Re-
late these parameters to measurements of particulate
matter.

Identify, classify and name the major sources of
air pollution effluent and map the diffusion
patterns from specific sources.

Define the meteorology throughout measurement areas
on those days when data are logged and draw "pollution-
weather maps" for all operational days.

.- -- •• j
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VIII LIST OF SUPPLEMENTAL SUBMISSIONS:

Follcwing is a list of items submitted to the Naval

Weapons as supplements to this final report.

SUPPLEMENT A - FLIGHT FORMS

These forms are used by the pilot during
all flights associated with the total mission.
The data on e&ch form include event number, time,
position of aircraft, altitude above sea level,
aircraft speed, ambient air temperature, aircraft
heading, altitude above ground and general notes
on weather.

SUPPLEMENT B - OPERATIONAL FORMS

These forms are used by the equipment oper-
ator during each of the measurement flights.
There are three sections to each form with space
for freezing nuclei, condensation nuclei and
photographic data. The section on freezingnuclei shows time, altitude above sea level,

location number, background freezing nuclei
concentrations at -26C, freezing nuclei concen-
trations with iodine contamination at -20C and
general area of measurements. The section on
condensation nuclei shows location number, time
and Aitken nuclei concentration at five different
levels of water saturation (inches of mercury
prior to expansion). The final section is
reserved for notes on photographs obtained dur-
ing each flight. Supplements A and B are sub-
mitted in a single bound folder.

SUPPLEMENT C - BLACK AND WHITE PHOTOGRAPHS

This supplement is comfrsed of 18 selected
black and white photographs and printed on 8 x 10
glossy stock, The subject material is represent&-
tive of the condition of the atmosphere throughout
most of the measurement flights. The photographb
are captioned and mounted in a single photographic
folder.

supPLEMENT. - COLOR TR.ANSPARV.CI.S

A total of 99 2*x2* color transparencies
hhave been mounted, filed and submitted with com-
plete index. These transparencies were obtained

'25-
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during the measurement flights and clearly
show the atmospheric conditions and extreme
concentration of particulate matter observed
throughout most of the operational areas.

SUPPLXRMU , - 1 6m CINE FOOTAGE

This supplement includes 300 feet of 16m
Ektachrome Commercial cine footage obtained
during portions of the measurement flights.
The scenes represent the observed phenomena and
illustrate the general level of pollutant mater-
ial visible to the flight crew. A scene by scene
index is included which can be used while viewing
the totol footage.

MPLD(DIT F - KILLIPCB FIILTERS

Four Millipore filters have been submitted in
this supplement. These filters were introduced
into one of the air sample intake lines during
portions of the total mission and their analysis
was to be assumed by personnel at the Naval Weapons
Center. The filters are indexed by dot code --
one dot moaning filter number one, two dots mean-
Ing filter number two, etc. Data relative to
each of the filters is given below.

Vol. of air
Fil. Area Sampled

Date Ui .... Loh.L) (Utipersh)._L,, ReMrke.
1/15 1 13- 3D0 2300 Froano-Lemoore-Nadera-Bishop
3/4 2 57 - 94 5500 Freano-Los Angeles-Fresno
3/5 3 93 120 3250 Fresno-Sac.-Tracy-Fresno

3/14 4 121 - 140 4200 Frembo-Lemoore-Fresno

- 26 -
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-Ground observations and measurements made over the past five years
have indicated an increasing concentration of small particulates in the
general atmosphere throughout the United States. Many of thez: minute
particles act as condensation and freezing nuclei in cloud development-
and subsequent precipitation mechanisms; others are irritating to the
eyes, nose and throat. These observations have been strengthened by
aerial measurements of particulates over, and adjacent to, many of our
metropolitan areas. The most pronounced changes in background nuclei
and other particulate matter have been voted in the southern half of
California. These studies suggest the p(ssibii'ty of major changes in
natural precipitation amounts and increases in the stability of ground
fog over large areas of California.
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